1 2 Background 3
Patients" personal investment and readiness to change have proved to be a prerequisite for the 4 successful treatment of alcohol addiction. The aim of this study was to determine the 5 contribution of cognitive functions to the motivation process to abandon maladjusted 6 behaviour in favour of a healthier lifestyle. 7
Methods 8
An adapted version of the "readiness to change" questionnaire was completed by 31 alcohol-9 dependent patients after detoxification and at alcohol treatment entry. This tool is designed to 10 assess the three main stages of motivation to change regarding alcohol consumption: 11 precontemplation (substance abuse and no intention to stop drinking), contemplation (strong 12 intention to change habits but ambivalent behaviour) and action (cessation of excessive 13 alcohol consumption and behavioural changes for healthier habits) stages. Patients and 37 14 healthy controls also underwent an extensive neuropsychological battery including episodic 15 memory, metamemory, executive functions and decision-making assessment. 16
Results 17
When alcohol-dependent patients were considered as a group, the mean score on the action 18 subscale was significantly higher than the precontemplation and contemplation ones. 19 Nevertheless, when the stage of change reached by each patient was considered individually, 20 we found that some alcohol-dependent patients were still in the earlier precontemplation and 21 contemplation stages. Stepwise regression analysis revealed links between impaired memory 22 and executive functions and low motivation, and between good decision-making skills and 23 high motivation. 24 25
Introduction 1
The psychological treatment of excessive alcohol consumption requires the initiation 2 and development of intrinsic motivation to change addictive behaviour. This can be achieved 3 through motivational interviewing, a client-centered and directive therapeutic style that helps 4 patients to explore and resolve their ambivalence to enhance their desire to change their 5 behaviour (Hettema et al., 2005; Miller and Rose, 2009 ). High motivation is the key to 6 patients" engagement in clinical treatment (DiClemente et al., 1999) . Prochaska and 7
DiClemente"s "stages of change" (Prochaska and DiClemente, 1983; DiClemente, 2007) 8 model comprises different stages of motivation, including "precontemplation" (substance 9 abuse and no intention of stopping drinking), "contemplation" (strong intention of changing 10 addictive habits but ambivalent attitude) and "action" (cessation of excessive alcohol 11 consumption and adoption of previously envisaged healthier lifestyle). To progress through 12 the different stages and adopt permanent and sustainable healthier behavioural changes, 13 patients must implement processes of change, which are covert and overt activities and 14 experiences in which individuals engage in order to attempt to modify risky behaviour such as 15 consciousness raising (increasing information about unhealthy drinking behaviour) and 16 dramatic relief (experiencing and expressing feelings about drinking behaviour). It is well 17 known to clinicians that alcohol-dependent patients who seek treatment can be at different 18 levels of motivation, some of them being ready to change behaviour and others being still 19 ambivalent and resistant to modify their unhealthy habits (e.g., Carney Rollnick et al., 1992) , in alcohol-dependent patients who met either the 2 criteria for alcohol abuse or dependence but were not in treatment. This preliminary study 3 revealed links between motivation stages and verbal memory scores but did not show a 4 relationship with executive abilities, in accordance with another study conducted within the 5 same clinical population (Blume et al., 2009), Further studies are now required to determine 6 the specific memory components (learning, encoding, retrieval or recollection) which might 7 be associated with readiness to change .in alcohol-dependent patients at treatment entry. 8
The aim of the present study was therefore to define the cognitive factors that might, at 9 least partially, predict the motivational evolution to change drinking behaviour. To this end, 10 we measured motivation with the RTC and assessed a range of neuropsychological functions, 11
including episodic memory and executive functions and higher level cognitive functions such 12 as metamemory and decision making. 
Participants 16
Two groups of participants were included in this study: 31 chronic alcohol-dependent 17 patients (mean age: 43.9 ± 7 years; range: 31-56) and 37 controls (mean age: 45.5 ± 6.1 years; 18 range: 31-60) matched for age and education. There were 25 men in the control group and 26 19 men in the alcohol-dependent group. Alcohol-dependent patients were early in abstinence 20 from alcohol (mean days of sobriety before inclusion: 12.64 ± 7.16; range: Alcohol-dependent participants were recruited by clinicians on the basis of the DSM-6 IV criteria for alcohol dependence (American Psychiatric Association, 1994) while they were 7 receiving treatment for alcohol dependence as in-patients at Caen University Hospital. 8
Patients had no history of other types of substance dependence (except tobacco), and they had 9 already completed detoxification when they were included in the study. They were 10 interviewed to constitute a review of their alcohol use history and typical use patterns prior to 11 treatment including the length of alcohol-dependence and their usual daily alcohol intake over 12 the six months prior to treatment ( Table 1) . None of the participants was taking psychotropic 13 medication, displayed psychiatric problems or had any history of pathology (head injury, 14 coma, epilepsy, Wernicke"s encephalopathy, cirrhosis or depression) that might have affected 15 their cognitive functions. Control participants were interviewed to confirm they did not drink 16 more than 21 (men) or 14 (women) weekly standard drinks and no more than four at a time 17 (World Health Organization criteria). Prior to inclusion, all the participants filled in a health 18 questionnaire including questions about alcohol and drug consumption. None of the controls 19 had a history of drug abuse. All the participants gave their informed consent to the study, 20 which was approved by the local ethics committee. 21
Materials and procedure 1

'Readiness to change' (RTC) questionnaire 2
We used an adapted version of the RTC (Rollnick et al., 1992) self-report questionnaire to 3 assess motivation and readiness to change alcohol abuse behaviour. Based on the stages of 4 change model (Prochaska and DiClemente, 1983), it is made up of 12 questions divided into 5 three subscales, each corresponding to a stage of change (4 questions per subscale). These 6 three subscales correspond to the precontemplation stage ("It"s a waste of time thinking about 7 my drinking"), the contemplation stage ("I enjoy my drinking but sometimes I drink too 8 much") and the action stage ("Anyone can talk about wanting to do something about their 9 drinking but I am actually doing something about it"). Patients were asked to rate their 10 agreement with statements about their alcohol consumption on a 5-point Likert-type scale 11 ranging from "strongly disagree" (-2) to "strongly agree" (+2). We took the patients" scores on 12 each subscale (ranging from -8 to 8) as our variables. The subscale with the highest score 13 indicated which motivational stage the patient had reached at the time of the testing. When 14 two or more subscale scores were equal, we considered that the scale farthest along the 15 continuum of change (precontemplation-contemplation-action) represented the patient"s stage 16 of change. The interpretation of the motivation measures must be done as follow. A higher 17 score on action subscale than on precontemplation and contemplation subscales refers to high 18 level of motivation. Inversely, a higher score on precontemplation and contemplation 19 subscales than on action subscale refers to low level of motivation 20 Table SM1 ) 21
Neuropsychological assessments (a description of each task is provided in the online
Episodic memory 22
We assessed episodic memory with the Free and Cued Selective Reminding Test participants were asked to say whether they thought they would recognize the target 6
afterwards. An episodic FOK accuracy measure was then calculated (Goodman-Kruskal 7 gamma, Nelson, 1984) to assess the agreement between predicted and actual recognition 8 performance. 9
Executive functions and decision-making 10
We assessed executive functions with a verbal fluency task (Cardebat et al., 1990; 11 adapted version by the Groupe de Réflexion pour l"Evaluation des Fonctions EXécutives 12 
Statistical analysis 22
We analysed the data in four steps. First, we conducted a group analysis to describe 23 the motivational features of the alcohol-dependent group as a whole, applying a paired-24 samples t-test to the three RTC subscale scores. In addition, we analysed individual 25 motivation profiles to find out which stage of change each patient was, according to the RTC 1 subscale with the highest score. Second, we investigated the effects of alcohol-dependence on 2 episodic memory, metamemory, executive functions and decision-making skills, using an 3 unpaired two-sample t-test. Third, in order to identify the potential effect of confounding 4 factors (age, education, drinking history MMSE score and anxiety or depression levels), we 5 calculated Pearson"s correlation coefficients in the alcohol-dependent group between these 6 factors and each motivation subscale score. Factors identified as being significantly correlated 7 (p <.05) with motivational data were included as covariates in a subsequent stepwise 8 regression analysis. Fourth, a stepwise regression analysis was carried out in the alcohol-9 dependent group to examine the best cognitive predictors of each RTC subscale score among 10 episodic memory, metamemory, executive and decision-making scores. A probability level of 11
.05 was adopted for all analyses. 12 13 3. Results 14
Readiness to change 15
Group analysis: The mean score on the action stage subscale was higher than the mean scores 16 on both the precontemplation, t(30) = -11.01, p <0.001, and contemplation stage subscales, 17 t(30) = -4.18, p <0.001 ( Table 2) . 18
Insert Table 2 19
Individual analyses: 21 alcohol-dependent patients scored highest on the action subscale, nine 20 on the contemplation subscale and one on the precontemplation subscale. 21
Effects of alcohol-dependence on episodic memory, metamemory, executive 22 functions and decision-making faculties 23
Results revealed that alcohol-dependent patients performed more poorly than controls 24 on all the verbal episodic memory tasks (learning, encoding, retrieval and recollection), as 25 well as on the metamemory measure, the executive tasks (reactive flexibility, inhibition, 1 cognitive flexibility, working memory, problem-solving and set-shifting) and the decision-2 making measure. Data are summarized in Table 3.  3   Insert Table 3  4 
Confounding variables 5
As age, education, MMSE scores, psychiatric scores and drinking variables did not 6 correlate with the precontemplation and contemplation subscale scores in the alcohol-7 dependent group, these variables were not included in the stepwise regression analyses for 8 these stages. Only alcohol intake was entered as a covariate in the stepwise regression 9 analysis conducted with the action stage score, as this drinking variable was significantly 10 correlated with it (r = -0.40, p = 0.03). Detailed results of the correlations are provided in 11 
Cognitive predictors of readiness to change 14
Precontemplation subscale: The only cognitive predictor for the precontemplation 15 subscale score was the level of consciousness associated with recollection (mean percentage 16 of "Remember" answers), which accounted for 20% of the variance. A lower state of 17 consciousness significantly predicted higher precontemplation subscale scores (r = -0.44, p = 18 0.01) ( Fig. 1A and Table 5 ). 19
Contemplation subscale: In the first step, 23% of the variance in contemplation 20 subscale score was account for by the time spent on the Stroop interference task. The second 21 cognitive predictor making a significant contribution to contemplation subscale score was the 22 number of errors for the Modified Card Sorting Test (MCST) (accounting for 15% of the 23 variance). Higher Stroop Color-Word time score and higher MCST number of errors scores 24 significantly predicted higher contemplation subscale scores ([r = 0.48, p = 0.006] and [r = 1 0.46, p = 0.01] respectively) ( Figure 1B and Table 5 ). 2
Action subscale: The only cognitive predictor for the action subscale score was the 3 decision-making measure, which accounted for 19% of the variance. Higher decision-making 4 scores significantly predicted higher action subscale scores (r = 0.43, p = 0.01) ( Fig. 1C and 5 Table 5 ). 6
Insert Fig. 1 The main objective of our study was to improve our understanding of how cognitive 10 abilities are involved in the motivation to change addictive behaviour. More specifically, we 11 investigated the basic and higher-level cognitive functions that are known to be impaired in 12 alcohol-dependence to explainat least in part -why some patients have difficulty shifting 13 from a low level of motivation to a high level of motivation. To this end, we focused our 14 attention on the effect of episodic memory, metamemory, executive function and decision-15 making abilities on motivation in alcohol-dependent patients early in abstinence and at 16 clinical treatment entry. 17
Concerning readiness to change for the alcohol-dependent group as a whole, the mean 18 score on the action subscale was significantly higher than the precontemplation and 19 contemplation mean scores. This observation is not surprising, given that those patients were 20 at alcohol treatment entry. Nevertheless, when we adopted a more qualitative approach, 21 investigating the stage of change reached by each individual patient, we found that some 22 patients were still in the earlier precontemplation and contemplation stages. This finding is in 
Clinical implications and limitations 21
High cognitive functioning including efficient episodic memory, executive functions 22 and decision-making abilities seems essential to enhance readiness to change drinking 23 behaviour. The neuropsychological screening of possible cognitive impairments may prove to 24 be extremely useful at alcohol treatment entry and have to be taken into account to make 25 relevant clinical decisions and choose the most appropriate treatment according to the 1 patients" level of motivation. As a consequence of their cognitive deficits, some alcohol-2 dependent patients may not be able to undergo the standard treatment in an addictology 3 department because of their low motivation. In alcohol-dependence, several studies have 4
shown that cognitive disorders are at least partly reversible with abstinence (Rourke and 5 Grant, 1999; Pitel et al., 2009 ). Therefore, once patients have physically completed 6 detoxification, it may be a good idea to favour the neuropsychological recovery of those who 7 display cognitive deficits by extending the period they spend without alcohol (e.g., in-patient 8 follow-up rehabilitation) before being admitted to the addictology department. It would also 9 be interesting to promote spontaneous neuropsychological recovery by using rehabilitation 10 techniques used with brain-injured patients. 11
One of the limitations of this study is that it was carried out with a very particular 12 sample of alcohol-dependent patients, as our aim was to explore readiness to change at a 13 specific point in the clinical course of alcohol dependence (i.e., at alcohol treatment entry, 14 early in abstinence). Although we are sure that cognitive performance was not influenced by 15 acute alcohol consumption, our findings cannot, nevertheless, be extended to the general 16 clinical population of alcohol-dependent patients. Therefore, other studies are needed to 17 provide information about the link between motivation and cognitive skills in patients with 18 alcohol abuse or dependence who are not receiving clinical treatment and who continue to 19 drink alcohol. Another limitation is that as the gender distribution of our alcohol-dependent 20 group reflected the gender distribution that prevails in most alcohol treatment departments in 21
France, our results are mainly representative of alcohol-dependent men. Moreover, although 22 the lack of motivation could partly be explained by cognitive impairment, the move towards 23 higher readiness to change relies on many processes of change which, in turn, rely not only on 24 higher-level cognitive functions but also on emotional and social skills including theory of 25 mind, empathy and self. Further studies are therefore needed to assess the possible 1 impairment of social cognition in alcohol-dependence and the latter"s linksif any -with the 2 multidimensional phenomenon of motivation. 
